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Scope

• Buildings, building performance, building 
enclosure, building envelope

• Improved energy efficiency
– Loose interpretation of NZE

• Marc Rosenbaum, Energysmiths, Inc.: 
Photovoltaics are the badge allowed to be worn 
by those who do everything else correctly.



Technical expertise and subject area



Technical Expertise and Subject Area



Background: GAO report, April 1980







Background. Building energy use increasing
total energy consumption for residential (RECS) and 

commercial (CBECS) buildings by year (quad)
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Background: Energy Use Intensity decreasing, by 
year of construction, four CBECS studies

Square foot energy costs, by year of construction
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Comparison of energy intensity: 
NBI data reconstituted from graph, and 

CBECS data non-adjusted
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Background: LEED energy use 
compared to CBECS



Background, summary
• Previous efforts at improving energy performance of 

buildings--failures?
–IG, low-e, low-income weatherization, foams, superinsulation, 

energy codes, building science, appliance efficiency, ddc, air-to- 
air exchange,...

• On the whole, building energy use is increasing. New 
data may reveal otherwise.

• Energy Use Intensity in the US is decreasing.
• Programs with effective evaluation show improved 

energy use. Programs with low level of evaluation show 
disappointing energy use.



Opportunities

• Aim: to reduce energy use in buildings by 
improving the building envelope
– Principles

•Airtightness
•Promising materials
•Not-so-promising materials
•Existing (legacy) buildings



Building envelope principles
• Good roof, dry foundation• Apply thermal insulation to the exterior

– Assign low value to insulation in metal stud ass’y
– Discontinuities with interior application• Keep glazed wall percentage < 30%• Ensure airtightness (see below) 
– Ensure continuity of insulation, airtightness at details.• Durability is a function (primarily) of rainwater 

drainage and maintenance• Existing buildings are rising in importance• Standards exist to address common vapor protection 
questions. ASHRAE 160.• Fund maintenance, operation, repair, replacement



Opportunities: Effect of airtightness on 
control and variability of interior environment 

(humidity)

Increasing looseness of building envelope
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Opportunities: Control and variability of interior 
environment (temperature)

Increasing airlooseness
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Airtightness targets 
http://www.nibs.org/JBED/JBED_Winter08.pdf 

Terry Brennan

http://www.nibs.org/JBED/JBED_Winter08.pdf


Airtightness unit conversions 
@ (pressure) Pa

British Part L 10 m3/h-m2 @ 50 3.6 L/s @ 75 0.0059 cfm/ft2 @ 50

British normal 5 m3/h-m2 @ 50 1.8 L/s @ 75 0.0029 cfm/ft2 @ 50

British best 2 m3/h-m2 @ 50 0.72 L/s @ 75 0.0012 cfm/ft2 @ 50

Henri Fennell 2.7 m3/h-m2 @ 50 0.97 L/s @ 75 0.0016 cfm/ft2 @ 50

ASHRAE Andde 5.56 m3/h-m2 @ 50 2 L/s @ 75 0.0033 cfm/ft2 @ 50

Army Corps 3.47 m3/h-m2 @ 50 1.25 L/s @ 75 0.0020 cfm/ft2 @ 50

Add-zAdd-z



Building envelope opportunities

• Foams and gels--next speaker
• Air barriers--next speaker and Air Barrier 

Association of America
• Low emissivity surfaces
• High quality, insulated glazing, evacuated 

glazing



Building envelope opportunities-- 
not-so-hot

• Dynamic wall
• Phase change materials
• Double-wall construction
• Vacuum panels
• Thermal insulation at metal studs
• Insulating existing buildings at the interior
• Replacement windows

–try insulated storms



Opportunities: existing buildings

• Durability studio
• Preservation + weatherization + building science 

+ auditing
• Cultural appreciation
• Push-come-to-shove resilience
• How long should buildings last?



Barriers
• Metering, reporting, auditing, analysis, summary

– Projections (models) cannot indicate variance
– Owners resent publication of utility data
– Tennessee example: utility data is public
– Reluctance to do program evaluation• Contracting for high performance
– Resistance to airtightness standards
– Design-bid-build delivery
– Complaints of unavailable equipment and expertise• Case studies in peer-review literature
– Owners’ reluctance
– Control by reporting parties
– Few venues, low standing



Paths forward

1. Improve energy reporting 
2. Performance contracting
3. Tracer gas improvements
4. Building Envelope Recommissioning Center

1. BERC lite



Path forward 1: Improve energy 
reporting

• Meter everything
• Make data available for research purposes

– Determine variability of energy use
• Conduct program evaluation

– Avoid reports like GAO 1980.
• Develop energy dashboards

– Wireless data transmission from sensors
– Provide energy conserving opportunities by web
– Conduct pre-post retrofit studies directed from afar
– Collect and analyze retrofit assist studies.

• Improve case study reporting.
• No excuses.



Path forward 2: Performance 
contracting

• Support specifications for performance, 
including airtightness specification

• Ensure the delivery vehicle can deliver 
performance
– design-build--probably
– design-bid-build--unlikely

• provide oversight, QA, commissioning, to ensure 
compliance

• find paths for correcting non-compliance



Path forward 3: Tracer gas improvements

• CO2 , SF6 , He, PFT 
are common. All 
have limitations.

• Recommend 
development of 
microtracers.

• Recommend NO.

FT17, event 8, NO: data and curve f it
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Blower door / tracer gas
• Snapshot 

– usually with one mode 
of operation

– usually at one wind 
speed• Simultaneous 

diagnostics and leak 
tracing• Hole performance 
may be distorted by 
pressure

• Conducted over time
– Various modes of 

operation
– At various wind 

speeds• Does not aid 
thermography• Captures correct hole 
performance• Gases may be 
troublesome



Schematic of building/envelope performance

Increasing wind speed
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Path forward 4: Building Envelope 
Recommissioning Center

• Develop a facility that houses 
mockups and test equipment.
– Build full-scale bays of client 

buildings that include all details
– Test, improve, retest, further 

improve, retest
– Retain mockup for training
– Ensure thermography, 

airtightness, water test 
capabililty.

• BERC-lite
– Provide all services of full-scale 

mockup on particular building 
details (floor-wall, roof-wall, etc.)

– Take advantage of improved 3-D 
graphic capability



References URL

• Journal of Building Enclosure Design (JBED) 
http://www.nibs.org/jbed.html

• ASHRAE Handbook, Standard 160 
http://www.ashrae.org

• Oak Ridge National Laboratory www.ornl.gov
• Air Barrier Association of America www.abaa.org
• Energy Information Agency (DOE) 

http://www.eia.doe.gov/emeu/consumption/index 
.html

http://www.nibs.org/jbed.html
http://www.ashrae.org/
http://www.ornl.gov/
http://www.abaa.org/
http://www.eia.doe.gov/emeu/consumption/index.html
http://www.eia.doe.gov/emeu/consumption/index.html


Questions?



RP1365:  Thermal Performance of Building Envelope Details for Mid- and High-Rise 
Buildings 

1496:  Moisture transport in construction materials and assemblies at low temperatures

Attic Thermal and Moisture Performance

Building performance in near-ocean environments  (Very high exterior moisture loads, Daily 
on-shore winds during warm season, small land area w/ large $ investment in structure)

Investigation of long-term performance of sheathing membranes under different cladding 
types (issues of surfactants chemical attack, aging through testing)

Measurement of High Temperature / high humidity material properties

Building foundations: heat & moisture transfer

Rain load on envelopes -- deposit, run-off, concentration, leakage, good detailing 

Interactions between the envelope and HVAC systems with improved air barrier 
effectiveness

Effect of airflow on moisture/thermal behavior of frame walls

Determine thresholds for the risk of moisture damage/mold growth of various celluolse 
based sheathings.  How much wetting ang drying is acceptable.

1018 Update:  Hygrothermal properties of more common North American Materials



Impact of air tightness of 2 wall systems of a function of 5 pathways in all IECC zones

Improving thermal and moisture performance of existing residential above grade walls

Energy performance of unvented and cathedralized attics

Development of Rational test methods for water resistance of sheathing membranes 
based on in-situ conditions of installed barriers 

Moisture production rates in multi-family dwellings

Wind-driven rain on multi-family dwelling

Improving envelope performance of historic buildings

Effect of reflective steep (sloped) roofs on moisture performance

Influence of poor workmanship

Moisture performance of details (claddings, flashings, wall penetrations, etc.)

In-plane performance/long term durability of spray polyurethane foam isulation in 
residential and commercial buildingsin-place

PV/Roofing integraton

Low-cost techniques for low-income zero-energy housing

Indoor Design Conditions for Moisture Design in Air-Conditioned Residential Buildings

Development of hygrothermal design guidelines for crawlspace modeling



Considerations for retrofitting wall and ceiling assemblies by climate zone

Do white roofs cause moisture problems?

Effects of sealing techniques for wall penetrations on moisture and thermal transfer

Quantification of ventilation rates behind claddings

Impact of increasing energy performance expectations on durability of envelopes

Implications of part-load performance of HVAC systems on the building envelope 

Failure criteria for building materials

Improving thermal and moisture performance of existing crawlspaces

Improving thermal and moisture performance of existing basements

Thermal and moisture performance of roof assemblies with varying vapor drives

Thermal and moisture effects of insulation type and location in walls

Performance & limitations of peel & stick membranes used as water-resistive barriers in 
exterior wall assemblies



Economic mitigation potential, including 
Buildings sector

Organization for economic 
cooperation and development
(30 countries)

Economies in transition
(10 countries)



3+ inches of insulation leads to 35%
reduction in heat loss.
Storm sash provides 32% reduction.

Background: Pre-WW2



First: storm doors
Second: storm sash
Third: insulation

“Save Fuel for Victory”



Solar Age magazine, led to superinsulation

Goal: average consumption of non-renewable
heating and cooling in all new housing should
be less than 15% of that used in 1975 vintage.
Total housing stock should be weatherized
and/or retrofitted to consume less than 50%
of the non-renewable heating and cooling
energy of the total housing stock in 1975.

If solar energy is to supply 20% of our energy
Needs by the year 2000, these problems 
(solar warranties) need to be rectified.



Superinsulation and airtightness



Leakage rate: less than 1.8 air changes
per hour at 50 pascals.



Cloudy sky effect
Comparison of Top Chord RH versus cloud cover (NCDC-Tucson Airport)

Data from "vented" and "non-vented": 11/17/04 to 1/19/05
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* The A1 storyline and scenario family describes a future world of very rapid economic growth, 
global population that peaks in mid-century and declines thereafter, and the rapid introduction of 
new and more efficient technologies. Major underlying themes are convergence among regions, 
capacity building, and increased cultural and social interactions, with a substantial reduction in 
regional differences in per capita income. The A1 scenario family develops into three groups that 
describe alternative directions of technological change in the energy system. The three A1 groups 
are distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy 
sources (A1T), or a balance across all sources (A1B)
*   The A2 storyline and scenario family describes a very heterogeneous world. The underlying 
theme is self-reliance and preservation of local identities. Fertility patterns across regions 
converge very slowly, which results in continuously increasing global population. Economic 
development is primarily regionally oriented and per capita economic growth and technological 
change are more fragmented and slower than in other storylines.
*   The B1 storyline and scenario family describes a convergent world with the same global 
population that peaks in mid-century and declines thereafter, as in the A1 storyline, but with rapid 
changes in economic structures toward a service and information economy, with reductions in 
material intensity, and the introduction of clean and resource-efficient technologies. The 
emphasis is on global solutions to economic, social, and environmental sustainability, including 
improved equity, but without additional climate initiatives.
*   The B2 storyline and scenario family describes a world in which the emphasis is on local 
solutions to economic, social, and environmental sustainability. It is a world with continuously 
increasing global population at a rate lower than A2, intermediate levels of economic 
development, and less rapid and more diverse technological change than in the B1 and A1 
storylines. While the scenario is also oriented toward environmental protection and social equity, it 
focuses on local and regional levels.
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